Established Facts {#sec1_1}
=================

-   Novel coronavirus disease 2019 exhibits different patterns of cardiac injury, including acute coronary syndrome, malignant arrhythmia, myocarditis, pericarditis, and heart failure.

-   Point of care ultrasound is being increasingly utilized for quick assessment of cardiac and pulmonary function at the bedside.

Novel Insights {#sec1_2}
==============

-   With the limited availability of personal protective equipment, bedside point of care ultrasound can minimize staff exposure and ration available personal protective equipment.

-   Serial point of care ultrasound in coronavirus disease 2019 patients can help assess both pulmonary and cardiac function and guide further clinical therapy.

Introduction {#sec1_3}
============

The ongoing coronavirus disease 2019 (COVID-19) caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has resulted in over 300,000 cases in the USA and has claimed the lives of over 10,000 Americans by early April 2020 \[[@B1]\]. Moreover, the incidence continues to rise daily in our country. The understanding of COVID-19 is evolving but is still limited to date. Cardiovascular complications of COVID-19 have been reported in anywhere between 7 and 20% of patients \[[@B2], [@B3], [@B4], [@B5]\]. More importantly, the presence of cardiovascular complications was described as an independent risk factor for increased critical illness as well as mortality in COVID-19 patients \[[@B3], [@B4]\]. Various cardiovascular insults have been reported, including acute myocardial injury (defined as high-sensitivity troponin serum levels \>99th percentile upper reference limit), myocarditis, arrhythmia, and shock \[[@B2], [@B6], [@B7], [@B8]\]. Unfortunately, differentiation of the types of shock have not been reported thus far. Some of the medications used to treat COVID-19, none of which is based on randomized controlled human trials, are also known to increase QT interval and potentially precipitate sudden cardiac death \[[@B9]\].

Furthermore, due to the highly contagious and widespread nature of the COVID-19 pandemic, a shortage of personal protective equipment (PPE) has become apparent \[[@B10]\]. It has driven a reconsideration of the utilization of diagnostic tools and therapeutic approaches \[[@B11]\]. Point of care ultrasound (POCUS) is emerging as a powerful tool to quickly assess critically ill patients \[[@B12]\]. POCUS requires a single operator, most frequently the intensivist and eliminates the need to transport patients. POCUS can potentially limit health care worker (HCW) exposure and conserve available PPEs. Therefore, the purpose of this report is to describe the cardiovascular complication and to share our experience in utilizing POCUS in a critically ill COVID-19 patient.

Case Report {#sec1_4}
===========

We present the case of a 73-year-old male with a history of diabetes mellitus, hypertension, hyperlipidemia, and gout. He presented to the emergency department due to progressive weakness and anorexia over the prior week. He was noted to be mildly hypoxic to 90% on pulse oximetry on admission, with increasing supplement oxygen requirement by a nasal cannula. His vital signs were otherwise stable with a body mass index of 24.8. Laboratory finding on admission was significant for leukopenia (1,400/μL), negative troponin I of 0.025 ng/mL, and normal brain natriuretic peptide of 26 pg/ml (Table [1](#T1){ref-type="table"}). His chest radi­ography showed subtle diffused bilateral interstitial opacities (Fig. [1a](#F1){ref-type="fig"}).

The patient rapidly progressed to severe hypoxic respiratory failure, requiring mechanical ventilation. Laboratory study at this time showed lymphopenia of 860/cm^2^. He was transferred to the intensive care unit for hemodynamic and ventilatory management. Acute respiratory distress syndrome (ARDS) ensued in the context of suspected COVID-19. He was started on broad-spectrum antibiotics covering community-acquired pneumonia as well as norepinephrine and vasopressin for management of septic shock. Hydroxychloroquine and azithromycin were later added per prevailing recommendations of eminent health care centers.

Between hospital days 2 and 5 (HD2--5), the patient did not have escalation of vasopressor requirements. However, his respiratory status continued to gradually worsen. He required FiO~2~ of 60%, and positive end-expiratory pressure was increased from 10 to 14 mm Hg. He maintained a plateau pressure between 26 and 28 mm Hg. POCUS on HD2 showed preserved systolic function of the left ventricle (LV) and a normal-sized right ventricle (RV). COVID-19 was confirmed on HD3. He developed pancytopenia by HD5, which was attributed to bone marrow suppression in the setting of systemic illness.

On HD6, the patient continued to deteriorate, requiring increased vasopressor support. Troponin I was noted to be elevated to 3.16 ng/mL, and cardiology consultation was requested. POCUS at this time showed diffused b-lines of the overlaying lungs, a severely dilated RV, dilated and nonvariable inferior vena cava, and a hyperdynamic and underfilled LV with no apparent regional wall motion abnormalities (online suppl. video; see [www.karger.com/doi/10.1159/000508527](http://www.karger.com/doi/10.1159/000508527) for all online suppl. material). POCUS of the lower extremities showed fully compressible deep veins at the femoral and popliteal level bilaterally. No significant ST segment abnormalities were seen on telemetry. The decision was made to provide transfusion of packed red blood cells to a target no less than 9 g/dL. Antiplatelet therapy as well as anticoagulation were held off because of decreasing hemoglobin level.

On HD7, the patient developed progressive renal failure and hepatic dysfunction with elevated transaminases. Telemetry showed ST segment elevation in the precordial lead but the troponin level minimally uptrended to 4.8 ng/mL over 24 h. ST segment elevation was confirmed on electrocardiogram in the anterior and inferior leads compared to baseline (Fig. [2](#F2){ref-type="fig"}). Chest radiography showed progression of bilateral pulmonary opacities, and POCUS was unchanged (Fig. [1b--d](#F1){ref-type="fig"}). Interventional cardiology evaluation was requested, and the patient was deemed to be a poor candidate for invasive intervention and thrombolytic therapy. Two hours after the electrocardiogram showing ST segment elevation, repeated troponin downtrended to 3.9 ng/mL. Given his progressive deterioration despite full supportive measures, a family discussion was held, and the decision was made for no resuscitation in case of cardiopulmonary arrest. The patient became progressively bradycardic and hypotensive. His telemetry tracing progressed to asystole and he expired on the night of HD7.

Discussion {#sec1_5}
==========

The differential diagnosis for an elevated level of cardiac enzyme is wide. In the setting of COVID-19, in addition to noncardiac etiologies, specific cardiac causes of cardiac enzyme elevation to rule out should include myocarditis, pericarditis, myocardial infarction, heart failure, and arrhythmia \[[@B13]\]. Malignant arrhythmia was excluded upon review of available telemetry. Further differentiation of underlying cardiac etiology would be based on the finding of echocardiography. In the era of COVID-19, POCUS is emerging as a viable alternative to echocardiography to limit potential HCW exposure and ration limited PPEs \[[@B11], [@B12]\].

Due to a decreasing trend in troponin level, an acute coronary thrombotic event is unlikely, while myocarditis might have a role in observed electrocardiogram changes. Based on serial POCUS, this patient likely developed acute pulmonary hypertension in the setting of CO­VID-19, which resulted in progressive RV overload and cor pulmonale. His multiorgan dysfunction can be explained by obstructive shock in the setting of cor pulmonale, including congestive hepatopathy (transaminases) and cardiorenal syndrome manifested as acute kidney injury. The possibility of obstructive shock has been speculated by reports from China but has yet to be documented \[[@B14]\].

Near-normal plateau pressure observed on the ventilator in this patient as opposed to low compliance expected in patients with ARDS suggests an alternative etiology that resulted in acute pulmonary hypertension. Prior studies have suggested shortened thrombin time in critically ill COVID-19 patients \[[@B15]\], which raises the concern of pulmonary thromboembolism as well as intravascular microthrombosis in the pulmonary vasculature \[[@B16], [@B17]\]. Our patient was treated with adequate venous thrombosis prophylaxis. He also lacked clinical and ultrasonographic (POCUS) signs suggestive of adequate venous thrombosis. With his progressive clinical course, microthrombosis in the pulmonary vasculature seems to be a possible explanation that resulted in his demise. Emerging evidence suggested that anticoagulation therapy in critically ill COVID patients has been associated with decreased mortality and should be considered in future cases \[[@B18]\]. Alternatively, pulmonary hypertension, likely due to progressive hypoxemia seen in ARDS has been recognized as early as 1977. However, pulmonary vasodilator therapy has not consistently shown improved survival in ARDS \[[@B19]\].

The use of POCUS in COVID-19 patients has been suggested to include advantages such as limiting exposure to HCWs, reducing nosocomial infection, and potentially lessening the burden of hospital admission \[[@B12]\]. In our experience, POCUS was utilized repeatedly in the care of this and other patients to provide quick assessments of the cardiovascular system. Furthermore, POCUS is able to provide timely evaluation of the pulmonary system that cannot be substituted with standard echocardiography or chest radiography. Given the current lack of PPE in New York, POCUS, reviewed by an experienced reading cardiologist, can potentially limit exposure for echocardiography and radiology technicians alike.

Based on the known cardiovascular complications in COVID-19 patients, point of care echocardiography can be used to differentiate potential myocarditis, acute coronary syndrome, and RV failure in patients in the critical care setting. Upon intubation and/or intensive care unit admission, POCUS should be obtained to establish baseline cardiac function, including estimation of left ventricular ejection fraction, systolic function, significant regional wall motion abnormalities, RV size and function. Upon clinical deterioration, especially in the setting of troponin elevation, reassessment of left ventricular ejection fraction, regional wall motion abnormalities, RV size and function is appropriate. In consultation with the cardiology team, serial POCUS can help differentiate common cardiac complications.

Conclusion {#sec1_6}
==========

The understanding of COVID-19 is still evolving with the rising number of cases in the USA. Conserving available health care resources and protect HCWs is especially important at this critical time. POCUS performed upon intensive care unit admission, immediately following intubation, and upon clinical deterioration can provide valuable and timely clinical information to guide further therapy.
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![**a** Electrocardiogram on admission showing normal sinus rhythm. **b** Telemetry tracing on morning of hospital day (HD) 6 without changes in ST segments. **c** Telemetry tracing on morning of HD7, showing ST segment elevation in precordial lead. **d** Electrocardiogram on HD7 showing ST segment elevation on anterior and inferior leads.](crd-0001-g01){#F1}

![**a** Admission chest radiography showing mild but diffused bilateral interstitial opacities. **b** Chest radiography on hospital day (HD) 7 showing worsening diffused interstitial opacities. Subcostal view of point of care echocardiography on HD7 in end systole (**c**) and end diastole (**d**), showing grossly dilated right ventricle and hyperdynamic left ventricle.](crd-0001-g02){#F2}

###### 

Laboratory studies of patient throughout hospitalization

  Measurements                   Ref. values   Results by hospital days                                                        
  ------------------------------ ------------- -------------------------- ------ ------- ------ ------- ------- ------ ------- ------
  Hemoglobin, g/dL               12--16        10.2                       10.2   7.7     7.7    7.4     8.2            8.4     
  WBC, ×1,000/µL                 4--10.5       1.4                        2.2    2.3     2.1    2.2     5.9            9.1     
  Lymphocyte count Relative, %   20--40                                   39.8   16.7    21.7   13.8    10.4           7.6     
  Absolute count, ×1,000/cm^2^   9--40                                    0.86   0.39    0.46   0.3     0.61           0.69    
  Platelet count, ×1,000/cm^2^   150--450      183                        197    121     117    87      92      66     66      
  Creatinine, mg/dL              0.4--1.2      1.5                        1.4    1       1      1.1     3.1            4.3     
  AST, U/L                       10--40                                   26     18      19     21      28      53     69      
  ALT, U/L                       10--42                                   62     40      44     18      58      107    124     
  CRP, mg/dL                     0--0.5                                          26.6           21.1    20.3    42.2           
  Troponin I, ng/mL              0.006--0.06   0.025                                                    3.163   3.36   4.798   3.86
  BNP, pg/mL                     0--100        26                                                                              
  D-dimer, ng/mL                 \<279                                           2,688          3,404                  7,114   

WBC, white blood cells; AST, aspartate transaminase; ALT, alanine transaminase; CRP, C-reactive protein; BNP, brain natriuretic peptide.
